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Abstract 
In this paper the inter-market relationship between the South African Rand and the 5 main indices of the Johannesburg Stock 
Exchange was investigated. The dataset used in this paper was the daily closing values, from January 2002 to end September 
2014. A multivariate CCC-GARCH (1,1) model was used to test the spill-over effects and the impact of shocks into both market. 
The Rand is more volatile to market shocks compared to the JSE/FTSE’s All Share Index (J203), Top 40 Index (J200), Midcap 
Index (J201), but less volatile to market shocks than JSE/FTSE’s Small Cap Index (J202) and Fledgling Index (J204). 
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1. Introduction 
 
On Black Monday or 19 October 1987, the Dow Jones Industrial Average Index (DJIA) fell by 507.99 (508) points 
to 1 738.73, a drop of 22.6 percent. The drop wiped out USD 500 billion of wealth of investors in the DJIA and its 
underlying equities. The drop was, at the time, the single biggest drop in the history of the DJIA. Volume traded 
surged to an all-time record high volume of US-dollar 604 million shares. It took two years for the DJIA to recover 
to pre-Black Monday levels. The crash of Black Monday resulted in a “domino effect” across major global financial 
markets, with Hong Kong depreciating by 45.5 percent, Australia by 41.8 percent, the United Kingdom by 26.4 
percent, Canada by 22.5 percent, Spain by 31 percent, and the United States of America by 22.68 percent (Mitchell 
and Netter [1]). King and Wadhwani [2] explained the “domino effect” by postulating the “market contagion” 
hypothesis. The authors argued that stock price turbulence in one country is partly driven by turbulence in other 
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countries, beyond the influence of economic fundamentals. The identifying and testing of the transmission of market 
turbulence between markets is the focus of spillover volatility. 
 
Since the October 1987 crash, spillover volatility patterns appear to be widespread in global financial markets. There 
is evidence of spillover volatility between equity markets (Brailsford [3], Aggarwal et al. [4], Beirne et al. December 
[5], Eun and Shim [6], Samouilhan [7]), bond markets (Young and Johnson [8]), exchange rates (Black and 
McMillan [9], Baillie and Bollerslev [10], Engle et al. [11], Melvin and Melvin [12]), equities and exchange rates 
(Qayyum and Kemal, [13], McPherson, [14], Mishra et al., [15]), and various markets (Aggarwal [16], Arize [17], 
Fleming et al. [18]). 
 
The South African financial markets prior to 1994 had their own idiosyncrasies and problems to deal with: 
restriction on capital flows in and out of the country, investment and trade sanctions, oil embargos, a debt 
moratorium, dual exchange rates, restrictive monetary policies and an abnormal political system. All of these factors 
contributed to an abnormal market relationship between domestic markets and international markets, making the 
study of spillover volatility complicated due to all the variables and abnormal influences (van der Merwe [19], Aron 
and Elbadawi [20]).  
 
Since the reintroduction of South Africa into the global financial markets after the first democratic election in April 
1994, the domestic and international investment landscape in South Africa changed drastically (Tswamune et al. 
[21]). The liberalisation and reintegration of the South African financial markets raised the profile of the South 
African financial markets amongst international investors seeking investment diversification.  
 
The increased international investor’s attention resulted in an unprecedented increase in cross-border transactions in 
both goods and capital flows. The integration resulted in the search for lower investment risk, an increase in 
diversification and a search for cost-effective investments. An important result of the liberalisation was its impact on 
the linkages of global asset returns and spillover volatility from one international capital market to another 
(Fedorova and Saleem [22], Sinha and Sinha [23]).  
 
The liberalisation of the South African financial markets resulted in an introduction of a new set of risk variables for 
both local and international investors. International or cross-border investing can be profitable; however, there are 
numerous risks the investor must consider before investing. Risk is always part of the investment process but needs 
to be mitigated as far as possible (Sinha and Sinha, [23]).  
 
This paper looks at the bi-directional volatility spillover between the South African Rand foreign exchange market 
and the five main indices of the Johannesburg Stock Exchange (JSE). The period investigated is from January 2002 
until end September 2014. The period includes the 2007-2008 subprime mortgage crisis, the USA housing bubble 
and housing market correction, the 2008-2012 Icelandic financial crisis, the Irish banking crisis and the Russian 
Financial crisis of 2008-2010, the USA automotive crisis of 2008-2010 and the European sovereign debt crisis. The 
analyses will be done by making use of the multivariate CCC-GARCH model (1, 1) (Bollerslev [24]). 
 
The remainder of the paper is structured as follows; part 2 provides a brief review of current literature. Part 3 
discusses the data and the methodology. Part 4 shows the results and interpretation of the findings. Part 5, discusses 
the conclusion of the study. 
 
2. Literature review  
The unidirectional or bi-directional volatility relationship between the foreign exchange market and the equity 
market, unidirectional or bi-directional, has economic and investment implications. For international investment 
diversification strategies to be successful, these markets should display a low level of correlation.  
 
The interaction between the two markets and their volatility is of particular interest to international investors, as it 
underpins all financial markets. Thus, fluctuations in the foreign exchange market will affect the returns and the 
503 Niel Oberholzer and Sven T. von Boetticher /  Procedia Economics and Finance  24 ( 2015 )  501 – 510 
dynamics of asset price volatility (Maghrebi et al. [25]). It is important to understand asset volatility variables and 
asset correlations for successful day-to-day risk management and international diversification (McPherson [14]). 
 
Taking the associated risk increase into consideration for international investors, the choice of investment currency 
denomination adds an important decision to the overall portfolio selection process. The required rate of return 
should reflect both the domestic required rate of return and the expected changes in the currency in which the 
investment is denominated (Ma and Kao [26]). 
 
One of the most noticeable features of exchange rate movements, since the liberalisation of the foreign exchange 
market in 1972, after the collapse of the Bretton Woods Agreement and the introduction of floating exchange rate 
regimes, has been the volatility in both the real and the nominal exchange rates. The volatility in the foreign 
exchange market is of significance to international investors. Foreign exchange volatility arises from the conversion 
of currency via the foreign exchange market. These currency conversions create an extra layer of risk for the non-
resident investor, which may influence the expected return on his investment. 
 
In academic literature there are numerous studies on bi-directional and spillover volatility. These studies all vary in 
perspective. Morales [27] investigates the existence of spillover volatility between the equity returns and the 
changes in the foreign exchange market in six Latin American financial markets. These countries were Argentina, 
Brazil, Chile, Colombia, Mexico, and Venezuela. Morales [27] compares these markets against Spain pre - and post 
the introduction of the Euro. The study also explores the possible divergence between different currencies and 
equity markets. The results of the study by Morales [27] indicates that volatility of stock returns influence the 
volatility of exchange rates; however they provide no evidence of bi-directional volatility spillover from the foreign 
exchange market to the equity market. 
 
Fedorova et al. [22] conducted a study on the equity markets and currency markets from the emerging eastern 
European namely, Poland, Hungary, Czech Republic and Russia. In their study Fedorova et al. [22] conclude that 
there is a direct linkage between the equity markets and the foreign exchange markets both for returns and volatility. 
However, the authors state that the spillover volatility relationship is unidirectional from the currency markets to the 
stock markets. 
 
The spillover relationship for the G-7 countries with respect to equity prices and exchange rates were investigated 
by Yang and Doong [28]. The authors conclude: (1) that the spillover effect is asymmetric; (2) that the price 
movements of equity prices will influence the future exchange rate movements; and (3) the changes in the exchange 
rates have a lesser impact on the future changes in the equity prices. Yang and Doong [29] state that their results 
may have a significant impact on the formulating of hedging and diversification strategies for international 
investment portfolios. A view supported in later studies by McPherson [14], Maghrebi et al. [25], and Sinha and 
Sinha [23]. 
 
The bi-directional spillover volatility of the Indian equity markets and the Indian foreign exchange market was 
conducted by Mishra et al. [15]. According to Mishra et al. [15], bi-directional spillover volatility occurs in the 
Indian markets with the exception of the S&P CNX NIFTY and S&P CNX 500. The authors’ further state that the 
Indian equity market and foreign exchange market move in tandem and that the relationship is of a long run nature. 
The results obtained by Mishra et al. [15], indicate a significant bi-directional volatility relationship which indicates 
that both markets are integrated and there is an information flow between the two markets.  
 
Since the market normalisation in 1994 several studies have been conducted on the South African financial market. 
In his study of the relationship between international equity market behaviour and the JSE, Samouilhan [7] 
concluded that there is a relationship between the JSE and the London Stock Exchange (LSE). Samouilhan [7] used 
the LSE as a proxy for all international equity markets in his study. 
 
Samouilhan [7] states firstly, that there is a positive relationship between domestic returns and international market 
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returns. Bullish international returns were associated with bullish domestic equity returns and vice versa. Secondly, 
there is a positive relationship between domestic and international equity market volatility. Thirdly, these market 
behaviours appeared in both markets during the same trading period. Samouilhan [7] concluded that the behaviour 
of the market implies that the foreign exchange market alone cannot be used as a signal for the behaviour of the JSE, 
but the author qualifies this statement by noting that this needs further research. 
 
The spillover volatility relationship between the New York Stock Exchange (NYSE) and the JSE was investigated 
by Yonis [29]. The author finds that a spillover volatility relationship between the NYSE and the JSE persists. 
However, there is a unidirectional link between the NYSE and the JSE regarding market shocks and the persistence 
of volatility related to the shock. 
 
The GVAR model is used by Duncan and Kabundi [30] to explore the impact of volatility spillover across South 
African asset classes during local and international financial crises. The authors obtain evidence of a strong time-
variation in volatility linkages between October 1996 and June 2010. According to Duncan and Kabundi [30] 
equities is the most important source of volatility spillover. However, in the period from 2001 to mid-2006 the 
currency was the dominant factor in volatility transmission.  
 
In a study that investigates the volatility transmission between the JSE/FTSE All Share Index and international 
markets for the Asian financial crisis, dotcom bubble in 2000-2001 and the subprime crisis, de Camara [31] finds 
that there is contagion between these markets. The contagion effect originates in the country of crisis. The results are 
supported be studies conducted by Yonis [29] and Heymans and da Camara [32] The author further states that the 
London Stock Exchange, FTSE 100 Index was the main exporter of price volatility transmission to the JSE/FTSE 
All Share Index. 
 
In their study Heymans and de Camara [32] confirms that there is a spillover relationship of returns and volatility 
between the stock markets of Hong Kong, London, Paris, Frankfurt and New York and Johannesburg. The authors 
also state that there is a direct contagion effect on the JSE/FTSE All Share Index and the economic area of crisis 
origination. 
 
3. Data and methodology 
 
The study is based on the daily closing values for the USD/ZAR spot exchange rate, JSE/FTSE Top 40 Index 
(J200), JSE/FTSE Mid-cap Index (J201), JSE/FTSE Small-Cap Index (J202), JSE/FTSE All Share Index (J203) and 
JSE/FTSE Fledgling Index (J204). The dataset obtained exclude any dividends as the daily data obtained does not 
include daily observation on dividends. The bid offer spread for the USD/ZAR spot exchange rate was ignored as 
mid rates were calculated. The dataset used in the study was obtained from Thomson Reuters Eikon and covers the 
period from 2 January 2002 to 30 September 2014, with a total of 3183 data points. The only data cleaning that was 
done on the dataset was the removal of zero values for South Africa public holidays.  
 
GARCH type models allows conditional variance to be dependent on previous own lags of the historical time series 
and any past innovations. The GARCH type models make it possible to interpret the current fitted variance as a 
weighted function of the value of information and its impact of volatility related to all the previous periods.  
 
In this study 6 historical time-series datasets were analysed to investigate the presence of bi-directional spillover 
volatility between the ZAR and the JSE/FTSE Indices. The introduction of market shocks into the two markets will 
also be analysed. The correlation will be calculated to explore any relationship between the different datasets. The 
Jarque Bera test will be used to test the datasets for normality. The stationarity and the order of integration of the 
variables will be investigated by the use of the Augmented Dickey Fuller (ADF) test. Analysis was done at a 
significance level of 0.05.  
 
The bivariate CCC-GARCH model is a constant conditional correlation GARCH model which relates to a univariate 
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GARCH processes through a constant correlation term. In this study the univariate GARCH model was fitted to the 
returns of the individual time series. The results were compared to the bivariate CCC-GARCH model in order to test 
for existence of any volatility spillover. The mean lag variance of the univariate GARCH and the bivariate CCC-
GARCH models was compared in order to determine if volatility spillover can be observed. The mean lag variance 
indicates, on average, how long it takes for an increase in volatility, related to a shock, to become insignificant. The 
mean lag variance is expressed as n number of days (Bollerslev [24]).  
 
The existence and the direction of the volatility spillover can be determined by the values obtained for the mean lag 
variances. If the value of the mean lag variance of the bivariate CCC-GARCH model is larger than the value 
obtained from the univariate GARCH model then the volatility spillover presented is from the Rand foreign 
exchange market to the JSE/FTSE Indices. The value of n will represent the average number of days required to 
dissipate the volatility effect. The opposite also applies, and if the values are the same then no spillover volatility is 
in existence (Bollerslev, [24]).  
 
4. Results 
 
In analysing the existence of bi-directional volatility between the Rand and the JSE/FTSE Indices it is clear from the 
summery statistics presented in Table 1 that the historical time series datasets are not normally distributed. The data 
displays leptokurtosis which is confirmed by the high values of the Kurtosis statistic.  
 
Table1. Summary statistics for the Rand and JSE/FTSE Indices  
 
Returns: RD JALSH TOPI FLEDG MID SMALL 
Mean -0.003 0.0483 0.0458 0.0633 0.0654 0.0694 
Median -0.0317 0.0814 0.0964 0.0759 0.0885 0.0986 
Min -6.9227 -7.5807 -7.9594 -2.9751 -5.6325 -4.5864 
Max 16.2134 6.834 7.7069 3.1696 4.7119 2.9409 
Sdev 1.1992 1.2312 1.3479 0.5703 0.7705 0.5579 
Skewness 0.9922 -0.1652 -0.1057 -0.3631 -0.5931 -1.1025 
Kurtosis 16.0566 6.4936 6.3687 5.1796 7.4445 9.6526 
 
Source: Researchers own data 
 
In analysing the correlation between the different variables in the study is reflects a very low correlation between the 
Rand and the JSE/FTSE Indices as indicated in Table 2. The correlation coefficients of the Rand and the individual 
indices are used in the CCC-GARCH model. 
 
Table 2. Correlation Matrix 
CorrCoeff RD JALSH TOPI FLEDG MID SMALL 
RD 1 0.3506072 0.358282 0.134975 0.310648 0.291862 
JALSH 0.35060725 1 0.999506 0.938665 0.984065 0.990152 
TOPI 0.358282002 0.9995065 1 0.9377 0.978048 0.987843 
FLEDG 0.134974536 0.9386646 0.9377 1 0.919752 0.964441 
MID 0.310647951 0.9840647 0.978048 0.919752 1 0.98157 
SMALL 0.291861839 0.9901515 0.987843 0.964441 0.98157 1 
Source: Researchers own data 
 
The result obtained from the Jarque Bera test as indicated in Table 3, indicates values that are greater than those 
excepted values for a normal distribution. Which leads to the rejection of the null-hypothesis (H0) and the 
acceptance of the alternative hypothesis (H1) that the skewness and the excess kurtosis is not equal zero.  
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Table 3. Jarque Bera Test 
 
JBTEST H0: Rejected Test stat Critical Value 
RD 1 23029.639 5.977917 
JALSH 1 1625.9805 6.001113 
TOPI 1 1504.328 5.978237 
FLEDG 1 696.89351 5.974238 
MID 1 2794.0945 5.996633 
SMALL 1 6485.7356 6.056349 
Source: Researchers own data 
 
Figure 1 below, displays the return distributions of the historical time series datasets that was used in the study. It is 
clear that there is high leptokurtosis: significant fat tails and high peaks. The Rand is positively skewed that 
indicates high positive return risk. However, all the return distribution for the JSE/FTSE Indices used in the study 
displays a negative skewness implying a bigger negative return risk. 
 
   
    
 Figure 1. Return distribution 
 Source: Researchers own data 
 
In Table 4 the results obtained from the ADF-test to test for a unit root in a univariate time series are represented. 
The results obtained indicate that the null hypothesis of unit root is rejected for all the variables at their return level. 
Hence, it can be concluded that all variables are stationary. 
 
Table 4. Augmented Dickey-Fuller Test 
 
ADFTEST H0: Rejected Test stat Critical Value 
RD 1 -59.534579 -1.9416 
JALSH 1 -54.45408 -1.9416 
TOPI 1 -55.207261 -1.9416 
FLEDG 1 -52.508794 -1.9416 
MID 1 -46.81725 -1.9416 
SMALL 1 -44.654496 -1.9416 
Source: Researchers own data 
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The volatility of the returns for all the variables used can be seen in Figure 2. The JSE/FTSE All Share Index 
(J203) and JSE/FTSE Top 40 Index (J200) has higher volatility than the Rand. The lowest volatility return 
is displayed by the JSE/FTSE Mid-cap Index (J201), JSE/FTSE Fledgling Index (J204) and JSE/FTSE Small-
Cap Index (J202).   
 
   
    
 Figure 2. Volatility of returns 
 Source: Researchers own data 
 
Autocorrelation is a representation of the degree of similarity between a given time series and a lagged version of 
itself over successive time intervals. When time series data is positively autocorrelated it implies that the time series 
is predictable and probabilistically, as future values depend on current and past values (Brooks [33]). As illustrated 
in Figure 3 below the variables in this study are highly positively correlated indicating that volatility persistence 
departs positively from the mean.  
   
    
                    Figure 3. Significant evidence of autocorrelation in returns 
                    Source: Researchers own data 
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The return series was shown to be stationary and autocorrelated. ARMA (1,1) was fitted to the return series in order 
to obtain the residuals series. These residual series values were fitted with a univariate GARCH (1,1) and a 
multivariate GARCH (1,1) series to produce conditional volatility series. Figure 4 
 
   
    
Figure 4.Return Series ARMA (1;1) 
Source: Researchers own data 
 
As part of the analysis Univariate ARMA (1,1) was calculated. This was done to explore the impact on volatility 
from related market shocks. As can be seen in Table 5 the introduction of market shocks results in higher volatility 
in the Rand than in the JSE/FTSE All Share Index (J203), FTSE/JSE Top 40 Index (J200) and the FTSE/JSE 
Mid-Cap Index (J201). However, the resulting volatility from a market shock on the FTSE/JSE Small-Cap 
Index (J202) and FTSE/JSE Fledgling Index (J204) is higher than the impact on the FTSE/JSE All Share Index 
(J203), FTSE/JSE Top 40 Index (J200) and the FTSE/JSE Mid-Cap Index (J201). 
 
Table 5. Univariate ARMA(1,1) parameters: 
Parameters RD JALSH TOPI FLEDG MID SMALL 
Constant -0.000629311 0.050081 0.048041 0.001943 0.053081 0.018458 
AR(1) 0.603378123 -0.0437479 -0.05689 0.969612 0.187312 0.7313 
MA(1) -0.653657518 0.0760219 0.075916 -0.92075 -0.01158 -0.56755 
Source: Researchers own data 
 
In the Table 6 below, ω is the intercept term, α and β are the coefficients of the lagged squared residual (ARCH 
term) and the lagged conditional variance (GARCH term) respectively. According to Brooks [33] if the sum of α 
and β is close to unity (which is true for all the GARCH models above), it suggests that shocks to the conditional 
variance will be highly persistent.  Furthermore the intercept is such that the unconditional volatility is constant. 
 
 
 
 
 
 
 
 
 
 
 
The results of the introduction of market shocks into the Rand and the underlying equity markets to the JSE/FTSE 
Table 6. GARCH(1,1) variance equation 
  RD JALSH TOPI FLEDG MID SMALL 
ω 0.024064379 0.01513714 0.018173067 0.020968 0.016045 0.017729 
α 0.070733394 0.08239014 0.080556876 0.075498 0.104051 0.117983 
β 0.912083591 0.90751432 0.909212496 0.856922 0.865589 0.821501 
 Mean lag -variance (days) 11.37444088 10.8124843 11.01473176 6.989189 7.439848 5.602286 
Max likelihood -4754.421869 -4673.8491 -4969.465285 -2549.73 -3211.18 -2303.8 
Unconditional volatility 1.183416567 1.22449531 1.332793791 0.557016 0.726966 0.541266 
Source: Researchers own data 
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Indices are indicated below in Table 7. The shocks experienced by the equity markets does not spillover to the Rand 
foreign exchange market. However, during the study period the Rand experienced a shock at data point 1500 which 
was reflected in the JSE/FTSE Indices.  
 
 
 
 
 
 
 
 
 
 
 
  
5. Conclusion 
 
From Table 6 and 7 the mean lag variance of the GARCH model is compared to the CCC-GARCH mean lag 
variance. The bivariate CCC-GARCH model compared to the univariate GARCH model shows the mean lag 
variance of the Rand decreases, while the mean lag variance of the all the indices excluding the JSE/FTSE Small-
Cap Index (J202) increase. The decrease of the mean lag variance of the Rand and the increase of the JSE/FTSE All 
Share Index (J203), JSE/FTSE Top 40 Index (J200), JSE/FTSE Fledgling Index (J204) and JSE/FTSE Mid-Cap 
Index (J201) indicate that there is a directional volatility spillover from the Rand to the JSE/FTSE Indices except for 
the JSE/FTSE Small Index (J202). The relatively small directional volatilty spillover effect from the Rand to the 
JSE/FTSE All Share Index (J203), JSE/FTSE Top 40 Index (J200), JSE/FTSE Fledgling Index (J204) and 
JSE/FTSE Mid-Cap Index (J201) takes a longer time to dissipate, given that the volatility of the indices is related to 
the Rand by the correlation factor given in Table 2.  
 
The mean lag variance of the JSE/FTSE Small-Cap Index (J202) decreases, suggesting that the JSE/FTSE Small-
Cap Index (J202), could have an effect on the volatility of the Rand. Futher reserach will have to be conducted to 
explore the results obtained for the JSE/FTSE Small-Cap Index (J202).  
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